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A BS T H A C T 

d a t i o n  to c l a s s i f y  

i n  t h i s  p r o g r a m .  
1 

2&6/ 
J" 

T h c  iULllpdlibiiity 01 approx i tna t e ly  7 5  conmint-rcial p o l y m e r i c  p r o -  

d u c t s  wi th  g a s e o u s  and  d r y  h e a t  s t e r i l i z a t i o n  r e g i r n c s  i s  to be d e t r r r n i n r d  

in  t h i s  p r o g r a m .  

( 1  08 h o u r s ,  1 4 5  C )  both  b e f o r e  and a f t c r  e x p o s u r e  to  a 1 2,'; ethylen<. o x i d e -  

8 8 ' ;  F r e o n  1 2  m i x t u r e  f o r  24 h o u r s  d't h o r n  t e m p r r a t u r t .  ( 7 4 O F )  snrl 2-4 

hours  a t  1 0 4  F u e r e  e v a l u a t e d  by m e a s u r i n g  c h a n g e s  in physic-al, n i ~ c h a n i c a l ,  

a n d  e l e c t r i c a l  p r o p e r t i e s .  

on r e p r e s e n t a t i v e  po ly tnv r  s y s t e m s  to p rov ide  i n s i g h t  i n to  the  n a t u r e  of  

the  g a s  - m a t e r i a l  inttardc:tion. 

T h e  e f f e c t  o f  subjec t ing  m a t e r i a l s  t o  a d r y  hea t  ( ' y c l e  
0 

0 

A c o n c u r r c n t  m e c h a n i s m  s tudy  was conducted  

Work  a c c o m p l i s h e d  d u r i n g  t h e  f i r s t  s i x  m o n t h s  of t h i s  p r o g r a t n  ind i -  

c a t e s  t ha t  s i l i c o n e  a n d  epoxy p o l y m e r s ,  both p u r e  arid c o m i n e r i ( . a l  g r a d e ,  

a r e  capablt .  of phys i ca l ly  a d s o r b i n g  one  to f o u r  perc.r.nt b y  \ \ e i g h t  o f  s t e r i -  

l an t  g a s .  

s o r b e d  g a s  when e x p o s e d  to  v a c u u m ,  wi th  l i t t l e  c h a n g e  in  p h y s i c a l  o r  r n e c h -  

a n i c a l  p r o p e r t i e s .  Epoxy compounds  r e t a i n  a l e s s e r  a m o u n t  of g a s  i n  t h e  

s o r b e d  s t a t e  but s h o w  a t n o r e  pronouncvd change  in  p r o p e r t i r s  sugges t ing  

tha t  a c h e m i c a l  r e a c t i o n  a l s o  o c c u r s  d u r i n g  e x p o s u r e .  

a m o u n t  of r e s i d u a l  s t e r i l a n t  r r m a i n i n g  in  the  s o r b e d  s t a t e  a f t e r  exposure' 

to  gas a n d  vacuuiii d e c r e a s e d  when i r i a t r r i a l s  n ( ' r e  p r o c e s s e d  t h r o u g h  a 

s u b s e q u e n t  h e a t  s t e p .  

S i l i cone  cornpounds r e l e a s e  a l l  but a f r a c t i o n  of a p e r c e n t  of 

In i i iost  c a ses ,  thv  

T h e  e x p o s u r e  o f  s i l i c o n e  rnat t . r ia ls  to  s t e r i l a n t  g a s  a n d  then  to  e x -  

t e n d e d  h e a t  cyc l ing  p roduced  a g r e a t e r  loss of t e n s i l e  p r o p e r t i e s  than ex -  

p o s u r e  to  hea t  followed by  g a s .  T h i s  e f fec t  s u g g e s t s  t ha t  c h e m i c a l  i n t e r -  

a c t i o n  is f a v o r e d  b y  t h e  g a s - h e a t  r e g i m e .  

Of t h e  m a t e r i a l s  t e s t e d  to da te ,  none h a s  d i s p l a y e d  su f f i c i en t  d e g r a -  

i t  a s  incompa t ib l e  wi th  the  s t e r i l i z a t i o n  r e g i t n e s  used  
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I. P R O G R A M  P L A N  

I N  TROD UC TION 

The  adven t  of p l a n e t a r y  p r o b e s  and landing v e h i c l e s  has ioct1st.d a t -  

t en t ion  on the  n e e d  i o r  biologic.al s t e r i l i z a t i o n  of spac.ec.raft .  

m a j o r  I i i iss ion o b j e c t i v e s  o i  p lane tary  casplor;ition, the> de t ec t ion  of  cxstr;t - 

t c r r v s  t r ia 1 lif r io r i i i  s , i na y not be  r e a 1 i x ed i i v ia  b 1 t, ea r t h - t y p e  - (1 r g<i  r i  i 5 1 II  s 

a r e  c a r r i e d  a lof t  on n o n - s t e r i l e  c r a f t .  

howe\rer ,  if the  perfor inancc-  o i  s p a c : c . c - r a i t  sys t t - ins  o r  c o n n p o n e n t s  is  

d e g r a d e d  by the  decon tamina t ion  p r o c e s s .  

D r y  hea t  cyc l ing  a n d  gas  rous c.heini(.al s t e r i l a n t s  a r c  h i q h l ) ,  t i f i t . (  t i vc .  

Oiit, o i  t i l t ,  

' Iota1 i r i iss ion ia i l t i r t .  inah. rcbhult> 

in  a c h i e v i n g  b io logica l  s t e r i l i t y  but a r e  a l s o  capab le  of pri,dur.ing :mhrkc-d 

c h a n g e s  in  m a t e r i a l  p r o p e r t i e s .  

wi th  s t e r i l i z a t i o n  p r o c e d u r e s  m u s t  b e  e s t a b l i s h e d  t o  ga in  the  o p t i m u m  

conf idence  in  p c r f o r r n a n c e  rc l iab i l i ty  of s p a c e c r a f t  s y s t v r n s .  

kvhose p r o p e r t i e s  a r e  not s e r i o u s l y  aif t lc ted b y  con tac t  n i th  th t .  1 2  '1 cth)-lrsnc* 

o x i d e - F r e o n  1 2  s t e r i l a n t  g a s  m i x t u r e  c a n  be uscsd !or s t v r i l i z a b l e  .pact.- 

c r a f t .  
and  phys ica l  c h a n g e s  not  only on the  s i i r i ~ i ~  P oi ii1att,riiila, biit th r l , iqhot i t  

t h e i r  e n t i r e  mass.  

T h e  compa t ib i l i t y  of s y s t e m  :ndt t . r idis  

Onl;; m a t t - r i a l s  

T h i s  gas m i x t u r e  i s  highly penct t ra t i \ -e  and c a n  c a u s e  c - h r : n i c a l  

The p r i m a r y  'ob jec t ive  of t h i s  p r o g r a m  i s  to p rov ide  qti<iiitit<itivt. i n -  

for tna t , ion  on the  compa t ib i i i t y  of p o l y i n r r i c  p r o d u c t s  and  a se1c.c-t gruclp of 

m e t a l l i c  m a t e r i a l s  with a 1 2  7; e thylene  oxidc.--88'!b F r e o n  1 2  g a s  in ix tu re .  

E x p o s u r e  to  g a s  a l o n e  is  not suff ic ient  to i n s u r e  s t e r i l i t y .  

dep th  

s y s t e m s  to  hea t  a l s o ;  

i l an t  g a s  a l o n e  has no p r a c t i c a l  m e a n i n g .  

p r o g r a m  a r e  subjtrc-ted to a d r y  hea t  c y c l e  befor t ,  o r  aftctr ethylrant: oxidtb- 

r reor1 i i ~ ~ p o s u i - e  t c j  ~ p p r r o x i r n ~ t e  c.r?nditinns enC'ountered by fligiit ! i r L r t f -  

\v a r e dti r ing  d e  con t<t I n i na  t i o n pro c c x d u  r e s . 

Efft:ctive i n -  

s t e r i l i z a t i o n  of s p a c e c r a f t  will rc ,qu i rv  e x p o s u r e  of componen t s  and  

t h e r e f o r e ,  t he  compa t ib i l i t y  of m a t e r i a l s  w i t h  stcar - 

A l l  m;it<Lrials screcnt.c! i:i this 

- 

1 



T h e  n a t u r e  of tht. g a s - m a t e r i a l  i n t e r a c t i o n  i s  a l s o  u n d e r  s tudy .  

In t h e  m e c h a n i s m  por t ion  of t h e  p r o g r a m ,  

c l a s s e s  of m a t e r i a l s  a r e  sub jec t ed  to  s t e r i l a n t  g a s , a n d  m a t e r i a l  b e h a v i o r  

a n a l y z e d  wi th  the  a i d  of i n f r a r e d ,  c h r o m a t o g r a p h i c ,  a n d  g a s - s o r p t i o n  

t echn iques .  

r e p r e s e n t a t i v e  chc rn ica l  

To g a i n  the  m a x i t n u m  a m o u n t  of usefu l  i n f o r m a t i o n  f r o m  the  p r o g r a m ,  

t h e  s c r e e n i n g  a n d  m e c h a n i s m  por t ions  a r c  conducted  as  p a r a l l e l  e f f o r t s .  

T h e  s a m e  p o l y m e r  c l a s s e s  ? r e  s tudied  c o n c u r r e n t l y  so  tha t  i n f o r m a t i o n  

f r o m  both p h a s e s  can  b e  u s e d  to  e s t a b l i s h  a c l e a r e r  p i c t u r e  of m a t e r i a l  

b e h a v i o r ,  a n d  guide  the  d i r e c t i o n  of subscquen t  t e s t ing .  

t h e  a n a l y t i c a l  p h a s e  c a n  p r o v i d e  ins ight  in to  the  i i i t lchanisni of m a t e r i a l  

d e g r a d a t i o n  to a i d  in  t h e  deve lopmen t  o i  s t e r i l i z a b l r  m a t e r i a l s .  

In fo rma t ion  f r o m  

L I T E R A T U R E  S U R V E Y  

To s a v e  t e s t i n g  t i m e  in  the s c r e e n i n g  po r t ion  of t he  p r o g r a m ,  a 

s e a r c h  of t h e  l i t e r a t u r e  was inad2  t6  e s t a b l i s h  the  compa t ib i l i t y  of as 

m a n y  m a t e r i a l s  a s  p o s s i b l e  wi th  the e thylene  o x i d e - F r e o n  12 g a s  m i x t u r e .  

S i n c e  a c o m p l e t e  l i t e r a t u r e  s e a r c h  o i  t!:is i i e ld  \ \ a s  m a d e  by Hughes in  

1 

- 1961 -1962, '  i t  w a s  not n e c e s s a r y  to e x a m i n e  the  l i t e r a t u r e  p r i o r  to  1 9 6 2 .  

M a t e r i a l s  of  p r i m a r y  i n t e r e s t  in t h i s  sur \ -e?-  neere t h o s e  a p p e a r i n g  on the  

f i r s t  l i s t  s u b m i t t e d  by  J P L  ior t e s t .  

A s e p a r a t e  s u r v e y  w a s  made  i n  conjunct ion  wi th  the  m e c h a n i s m  

s tudy  t o  ob ta in  i n f o r m a t i o n  on tne. r e a c t i o n s  o i  e th)- lene oxide  and  F r e o n  1 2 ,  

inc luding  s o r p t i o n  c h a r a c t e r i s t i c s ,  c o r r o s i v e  e i f e c t s  a n d  suscep t ib l i t y  to  

p o l y m e r i z a t i o n  when  i n  con tac t  with p o l y m e r i c  a n d  m e t a l l i c  m a t e r i a l s .  

' R .  F. Ryde lek ,  " L i t e r a t u r e  Re\.ie.:. o f  thr.. Compa t ib i l i t y  of C o m -  
mercial M a t e r i a l s  w i th  E thy lene  O x i d e - F r e o n  12 S t e r i l a n t  Gas M i x t u r e ,  ' I  
HAC R e f .  No.  274&.40,/910, J P L  C;ontr;l.r.t ' j J l O 3 > ,  J a n u a r y  1965 

2M. Wi l l a rd ,  V .  K.  E n t r e k i n ,  " A  Lit6:rattirC: Kevi(:w o f  the  P h y s i c a l ,  
C h e m i c a l ,  a n d  B io log ica l  P r o p e r t i e =  {Jf 2lth;lr:ne Oxirl(i-F- reon  12 a n d  I t s  
Compa t ib i l i t y  wi th  M a t e r i a l s  and  Cornponcinrs, " Slir.:(:yor 5 i c . r  i l ; L d i i u i - i  
P a r t  XI, HAC RS-283,  M a r c h  1962 

3A. L. L a n d i s ,  " L i t e r a t u r e  RevicI ,  of X4c:c.hsni s m s  o f  I n t t - r ac t ion  
of E t h y l e n e  Ox ide  a n d  O r g a n i c  and Inorganic  M;Ltc.ri;ils, " []A<; R v f .  NO. 
2748.40/878, JPL  C o n t r a c t  951  0 0 3 ,  Nov~:rr i lJ~:r  1 ' j f j 4  
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Analytic31 iiicattiods f o r  detecting slnci11 a m o u n t s  of r thylt .nc ox ide ,  E ' r e o i i  12,  

and  w a t e r  a d s o r b e d  in p o l y t i i e r s  and  d e p o s i t e d  on m e t a l l i c  s u r f a c e s  w e r e  a l s o  

i n v e s t i g a t e d .  

T h e  m a j o r  po r t ion  of u s c a b l e  i n f o r m a t i o n  a p p e a r e d  in  Ina t t J r i a l  pub l i shed  

p r i o r  to  1962 a n d  i n  t h c  r e p o r t s  g e n e r a t e d  i n  the  e x p e r i m e n t a l  s t u d y  p( ' r -  

f o r m e d  a s  p a r t  of t h e  Survc>yor  S t e r i l i z a t i o n  P r o g r a m .  4' 

i n f o r m a t i o n  found iii t t i t ,  1 i t r . ra tur t  s u r v e y  is  s u m m a r i z e d  be low.  (Rtxfcr- 

c n c e s  1 a n d  3 shou ld  b c x  consu l t ed  for  m o r e  d e t a i l e d  i n f o r m a t i o n . )  

The, rccc.nt l i t e r a t u r e  p r o v i d e d  l i t t l e  compa t ib i l i t y  d a t a .  

App l i cab le  

E t h y l e n e  ox ide  i s  a highly r e a c t i v e  a g e n t  c a p a b l e  of p a r t i c i p a t i n g  i n  

a wide  v a r i e t y  of r t : ac t ions  a n d  of modifying t h e  p h y s i c a l  a n d  c h e m i c a l  p r o p -  

e r t i e s  of m a n y  compounds .  I t  i s  capab le  of p roduc ing  m a r k e d  c h a n g e s  in m a t e r i a l  

p r o p e r t i e s  by r e a c t i n g  d i rv< . t ly  with b a s e  m a t e r i a l  o r  wi th  i m p u r i t i e s  i nc luded  

d u r i n g  t h e  m a n u f a c t u r i n g  p r o c e s s .  

i n t e r e s t  in  t h i s  p r o g r a  i n ;  condensa t ion  a n d  p o l y m e r i z a t i o n .  T h e  c o n d e n s a t i o n  

of e thy lene  ox ide  wi th  a n o t h e r  compound p r o c e e d s  b y  a t t a c h m e n t  of t h e  

b r o k e n  epoxy r i n g  t o  a n  a c t i v e  hydrogen .  

Two t y p e s  of r e a c t i o n s  a r e  of p a r t i c u l a r  

P o l y m e r i z a t i o n ,  c a t a l y z e d  by b a s e s  a n d  o t h e r  i n o r g a n i c  s a l t s ,  f o r m s  

compounds  of lom vola t i l i ty ,  po tcn t ia l ly  h a z a r d o u s  to  e l e c t r i c a l  c o n t a c t  

and  t h e r m a l  c o n t r o l  s u r f a c e s .  E thy lene  ox ide  in  the  v a p o r  p h a s e  i s  

highly pen cb t r a  t i  v e ,  t hcb r r.1 o r e t h c a  p v I' r n  e a  hi 1 i t y of m a t  e r i a l  s i s a n  i in po r ta  n t 

f a c t o r .  Frvon 1 2  h a s  so lven t  p r 0 p e r t i t . s  and  t ends  to produc- r  swc.lling in  

some  e l a s t o i n c r s .  

c o n t r i b u t e  to  i t s  high s tdb i l i t y  and p r e c l u d e  d i r r c t  c h e i n i c a l  r e a ( - t i o n  wi th  

m a t e r i a l s  u n d e r  t e s t  c ond i t ions  used  in  t h i s  p r o g r a m .  

' r h e  p r e s e n c e  of t u o  f l u o r i n e  a t o n i s  on  t h e  F r e o n  m o l e c u l e ,  

'M. W i l l a r d ,  "Compat ib i l i ty  of M a t e r i a l s  a n d  C o m p o n e n t s  w i th  
H e a t  a n d  E t h y l e n e  O x i d e - F r e o n  12, ' I  S u r v e y o r  S t e r i l i z a t i o n  Part I, 
HAC R S - 2 i 7 ,  J a n u a r y  1362 

C o m p o n e n t s  w,ith E t h y l e n e  Ox ide  - F r e o n  1 2  a n d  Hea t ,  I '  S u r v e y o r  
S t e r i l i z a t i o n  P a r t  I l l ,  IIAC R S - 2 9 2 ,  Ju ly  1962 

'. I 

5 M. W i l l a r d ,  F u r t h e r  Compa t ib i l i t y  S t u d i e s  of M a t e r i a l s  a n d  
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M A  T E K IA LS P R  OC UR E M E N  T 

A ~~ I ~. h l l l l O _ t c ! - ~  ~ 1 - ~. 75 ccr:r?!er-ci;ql p o l v t n e r i c  p r o d u c t s  a r e  to be  scrt~enc.cl  Y 
.. 

i n  t h i s  p r o g r a m .  

a r e  g iven  in  T a b l e  I. 

f r o m  the  m a n u f a c t u r e r  to  i n s u r e  “ f r e s h n e s s ” ;  f o r m u l a t i o n s  which a r e  knom i i  

t o  h a v e  long t e r m  s t ab i l i t y  s u c h  a s  the  c.poxy l a m i n a t e s  w o r e  d r a w n  f r o m  

Thos t ,  appoa r ing  on t h e  f i r s t  l i s t  sub in i t t ed  by J P L  for tc .s t  

In g e n e r a l ,  t hese  compounds  were  o r d e r r d  dirt,c.tly 

i n - h o u s e  s tock .  

P o l y m e r i c  t n a t c r i a l s  a r r i v i n g  i n  the  fluid arid u n c u r e d  s t a t e  v,’erp 

f d b r i c a t e d  in to  s h e e t  fo r in  to  fa ( . i l i t a te  t e s t i n g .  

fo r inu la t ion  t echn iques  a r e  givrbn in  the  month ly  technic.al  p r o g r e s s  r t , p o r t s .  

Dc ta i l ed  in fo rma t ion  on 

M a t e r i a l s  s u c h  a s  R T V  108, 140, and  891 a r e  in tended  fo r  a d h e s i v e s  

app l i ca t ion  a n d  ha rden ing  i s  a c c o m p l i s h e d  by cxposurc,  to a t m o s p h e r i c  

m o i s t u r e  r a t h e r  than by c a t a l y s t .  

c u r e  condi t ion r e q u i r e i n e n t s  make  f o r m u l a t i o n  of skivets 01 e v t ’ n  tc.xturt. 

a n d  u n i f o r m  t h i c k n e s s  diff icul t .  

c u r r e n t l y  be ing  r ev iewed .  

T h e  v i s c o s i t y  of t he  inatc.ria1s a n d  

A l t e r n a t e  t e s t  s p e c i m e n  conf igu ra t ions  art’  

P U R E  POLYMER FORMULATION 

T h e  m a t e r i a l s  s tud ied  in the m e c h a n i s m  por t ion  of t he  p r o g r a m  wert .  

for i i iu la ted  f r o m  p u r e  polyt i i t , rs  syn thvs i zed  i n - h o u s e  o r  purchasc,d i rorn  

o u t s i d e  sources. 

t he  p o l y m e r s .  

Cornpuuiids of known compos i t ion  w e r e  u s e d  in  cu r ing  

In the  p h a s e  of w o r k  r e p o r t e d  h e r e ,  emphas is  was; p1acc.d on s i l ico t ic  

a n d  epoxy compounds  f o r  s e v e r a l  r e a s o n s :  

1.  An a p p r e c i a b l e  nutnber  of c o m m e r c i a l  p r o d u c t s  a r e  b a s e d  on t h e s e  

p o l y m e r s  a n d  they  a r e  wide ly  u s e d  in  s p a c e c r a f t  componen t s .  

T h e  m a j o r i t y  of m a t e r i a l s  a p p e a r i n g  on the  f i r s t  J P L  l i s t  of 

m a t e r i a l s  f o r  s c r e e n i n g  a r e  s i l i c o n c  and  epoxy f o r m u l a t i o n s .  

2. 

A g e n e r a l  d e s c r i p t i o n  of t h e  a p p r o a c h  t aken  in  the  s y n t h e s i s  of p u r e  

Detai led i n f o r m a t i o n  on s i loxane  s y n t h e s i s  p o l y m e r s  i s  p r e s e n t e d  below.  

is g:vez i~ t h e  Appt’ndix of t h i s  r e p o r t .  

is a d i r e c t  func t ion  of t he  :node of s y n t h e s i s  a n d  the  experi tncintal  p r o c e d u r e s  

a r e  p r e s e n t e d  in  o r d e r  to def ine  the  cornpounds .  

. .  T h e  s t r u c t u r e  of s i l i cone  p o l y m e r s  



P r o d u c t  

A M S  ?<oj , /hn 

Epon 828/Z 

FI - F i 1 m 

L a m i n a t e  MIL-P-13949 

LS-53/70  

M i c a r t a  H-2497 

P R  - 1930- 1 / 2  

P Y R E  -MLRK -692 

R T V  1 1  

RI’V 60 

R T V  108 

R T V  140 

R T V  6 1 5  

R T V  881 

R T V  891 

S i l a s t i c  14 10 

S i l a s t i c  PR 1930-2 
S i l g a r d  182 

S t y c a s t  109511 1 

S t y c a s t  2651  / / 1 1  

T c d l a r  200, T y p e  

Viton B6O a n d  95 

2 -  2 18 -S4 17 - 7 
4000-80 

7000-80 

OB ’ h i t e  

h l a  nuf a c t u  r e r 

FT-,dh_;: r 

Shell 

DuPont 

\ V (  s t inghouse  

P l a s t i c  a n d  Rt ibber  
P r o d u c t s  

\V vs t inghouse  

P r o d u c t s  R e s e a r c h  

D UP 0 n t 

G e rd 1 E 1 e c- t r i c 

G r, n e r a 1 E 1 e c t r i c 

G e n e r a l  E l e c t r i c  

Dow Corn ing  

G e n e r a l  E l e c t r i c  

Dow C o r n i n g  

Dow C o r n i n g  

DOM Corn ing  

P r o d u c t s  R t s e a r c  h 

?ow C o r n i n g  

E m e r s o n  Cuin ing  

E m e r s o n  Cuming  

DuPont  

DuPoht  

P a r k e r  S e a l  

Hadba r 

Hadba r 

M a t e r i a l  Type  

C I l l  - . 
J I I I L U L I C  

EPOXY 

EPOXY 

P o  1 y i mid  e 

F l u o r o s i l i c o n e  

Eposy  - G l a s s  F i b e r  

S i l icone  

Po ly i tn ide  

S i l icone  

S i i i  cone  

S i l i cone  

Si l i  cone  

S i l i cone  

S i l i cone  

S i l i cone  

S i l i cone  

Si  1 i con e 

S i  l i  c o t i  tl 

Epoxy 

Epoxy 

Po lyv iny l  F l u o r i d e  

F l u o r o c a r b o n  

S i l i cone  

S i l i cone  

S i l i cone  

* 
T a b l e  I. F i r s t  J P L  l i s t  of m a t e r i a l s  f o r  s c r e e n i n g .  



. -, 

P o  1 y d i m e thy 1 s i 1 oxan  e s a r e  r e p r e s e n t a  t iv  e of s ili con  e compound s 

g e n e r a l l y  u s e d  in the  fo rmula t ion  of c o m m e r c i a l  p r o d u c t s .  

p o l y m e r  (C 1090-60A) w a s  p r e p a r e d  by c o h y d r o l y s i s  of rlifnr_rticz3! 

d i m e t h y l  s i l a n e s .  

equ i l ib ra t ion  of c y c l i c  d ime thy l s i loxanes  wi th  s u l f u r i c  a c i d .  

T h e  p u r e  

A s i m i l a r  p o l y m e r  (C 1090-61A) w a s  p r e p a r e d  by 

Po lyd ime thy lpheny l  m e t h y l  s i l o x a n e  is a l s o  .widely u s e d  in  c o m m e r c i a l  

f o r m u l a t i o n s .  T h e  phenyl  g roups  a t t a c b e d  to t h e  c h a i w s i l i c o n e  a t o m  i m -  

p a r t  g r e a t e r  t h e r m a l  s t ab i l i t y  to  the  compound.  

(C 1962-34) w a s  p r e p a r e d  by cohydro lys i s  of d i m e t h y l d i c h l o r o s i l a n e  and 

T h e  p u r e  p o l y m e r  

p he ny l m e  thy ld i  c hl o r o s i l a n e .  

. A l l  of the  above  p o l y m e r s  w e r e  c u r e d  wi th  t r i e thoxy  m e t h y l  s i l a n e  

us ing  a d ibuty l t in  d i l a u r a t e  ca t a lys t .  Epon  828, p roduced  by the  She l l  

C h e m i c a l  C o r p o r a t i o n  was s e l e c t e d  as a r e p r e s e n t a t i v e  epoxy r e s i n .  

l iqu id  c u r i n g  a g e n t ,  me thy lnad ic  a n h y d r i d e  w a s  e m p l o y e d  in  the  fo rmula t ion  

of test m a t e r i a l s .  

A 

T h e  compos i t ions  of f o r m u l a t i o n s  u s e d  i n  th i s  p r o g r a m  a r e  g iven  

De ta i l ed  i n f o r m a t i o n  o n  f o r m u l a t i o n  t echn iques  a n d  c u r e  c y c l e s  below.  

is  g iven  i n  the  Appendix.  

S i l i cone  F o r m u l a t i o n  1 

polydimethyl  phenylmethyls i loxane  (C  1962-34) 100 p a r t s  

t r i e thoxy m e t  h y 1 s i 1 a n  e 

dibu  ty 1 t in  d i  l au  r a t  e 

S i l icone  F o r m u l a t i o n  2 

8 p a r t s  

2 p a r t s  

po lyd ime thy l s i loxane  (C 1090-61A) 

t ri e t hoxy m e  t hy I s  i l a n e  

d i  buty 1 t in  d i  l au  r a t  e 

S i l i cone  F o r m u l a t i o n  3 

100 p a r t s  

8 p a r t s  

3 p a r t s  

po lyd ime thy l s i loxane  (C  1090-60A) 

t ri e thoxy m e  thy l s i l ane  

d ibuty l t in  d i l a u r a t e  

S i l i cone  F o r m u l a t i o n  4 

polydimethyls i loxane  (C  1090-60A) 

t r i e  t hoxyrn e thy 1s i l ane  

100  p a r t s  

8 p a r t s  

2 p a r t s  

100 p a r t s  

8 p a r t s  

r w  

6 



Si 1 i c on e F o r mu 1 t i on 4 ( c- o n  t i nu t x d  ) 

dibuty l t in  dilaii r a t e  

p o w d e r e d  silica, 2 7 0  n i e s h  

Epoxy F o r m u l a t i o n  1 

Epon 828 r e s i n  

m e t  h y 1 na d i  c a n  h y d r i d  e 

L p a r t s  

50 p a r t s  

100 p a r t s  

7 5  p a r t s  



11. TESTING 

TEST A P P R O A C H  

M a t e r i a l s  w e r e  s c r e e n e d  b y  expos ing  t h e m  t o  two separa te .  r e g i m e s .  

F i g u r e  1 l i s t s  t he  ind iv idua l  s t e p s  involved in  e a c h  regitnc, .  

hea t  c y c l e  c o r r e s p o n d s  t u  tha t  spcc i f ied  in  J P L  Spec i f i ca t ion  X S O - 3 0 2 7 5 -  

7 5 7 A  wi th  the  except ion  tha t  individual  c i c l e s  of up to 40  h o u r s  du ra t ion  

w e r e  u s e d  (wi th  JPL  a p p r o v a l ) .  Tho r o o m  t e m p e r a t u r e  and  e l cva ted  

t e m p e r a t u r e  vthylc~nc o x i d e - F r e o n  1 2  e x p o s u r e s  a r c  t h o s e  de f ined  i n  

JPL Speci f ica t ion  GMO-50198-ETS.  

T h c  d r y  
1 

In the  hea t  - fol lowed -by - g a s  e x p o s u r e ,  t na t e  r i a l  p r o p e r t i e s  we  r e  

r r ieasured  a f t e r  t he  hea t  cyc le  and a f t e r  e a c h  p h a s e  of t he  e thy lene  oxide 

e x p o s u r e .  Weight changt.,  vo lume change  and  o t h c r  non-dcs t ruc t i \ r t>  t e s t s  

w e r e  p e r f o r m e d  on coupons of m a t e r i a l  which  a r e  proctAssed th rough  a l l  

s t e p s  of the  e x p o s u r e .  

t e s t i n g  e a c h  m a t e r i a l ,  o n e  f o r  heat-fol lowed-by g a s ,  t he  o t h e r  f o r  g a s -  

fo l lowed-by  h e a t  e x p o s u r e s .  T h r e e  coupons of a m a t e r i a l  c o m p r i s e d  a 

s e t  f o r  n o n - d e s t r u c t i v e  t e s t s .  

Two d i f fe ren t  s e t s  of s p e c i m v n s  w e r e  u s e d  t o r  

T r i p l i c a t e  s e t s  of coupons for  drastruct ive t e s t i n g  of a m a t e r i a l  w e r e  

p r e p a r e d  f o r  e a c h  e x p o s u r e  r e g i m e .  

one  s e t  was t e s t e d  a f t e r  d r y  hea t  cyc l ing ,  a n o t h e r  a f t e r  r o o m  t e m p e r a t u r e  

g a s  e x p o s u r e  ( 7 4  F )  and  the  th i rd  a f t e r  g a s  e x p o s u r e  a t  104 F.  In the  

g a s  - fo l lowed-by-hea t  r e g i m e ,  m a t e r i a l s  w e r e  t e s t e d  b e f o r e  g a s  e x p o s u r e ,  

a f t e r  g a s  e x p o s u r e ,  and  a f t e r  d r y  hea t  cycl ing.  

a n d  e l e c t r i c a l  t e s t  m e t h o d s  used  for  iqd iv idua l  m a t e r i a l s  a r e  l i s t e d  in 

T a b l e  11. 

In the  hea t - fo l lowed-by-gas  r e g i m e  

0 0 

Spec i f i c  phys i ca l ,  m e c h a n i c a l ,  

In the  m e c h a n i s m  por t ion  of thct p r o g r a m ,  p o l y m e r  s a m p l e s  w e r e  

e x p o s e d  to  p u r e  e thy lene  oxide  vapor  i n  a s p e c i a l l y  d e s i g n e d  s o r p t i o n  

a p p a r a t u s ,  

to  g a s  and  subsequen t  e x p o s u r e  to v a c u u m .  

by t e s t  m a t e r i a l s  a f t e r  subjec t ion  to  g a s  and  v a c u u m  s e r v e d  to  ind ica t e  

\vhethpr the p r e d o m i n a n t  m e c h a n i s m  involved in  the  g a s - m a t e r i a l  i n t e r -  

a c t i o n  w a s  a phys ica l  a d s o r p t i o n  ( r e v e r s i b l e )  o r  a c h e m i c a l  a b s o r p t i o n  

( i r r e v e r s i b l e  b y  v a c u u m  e x p o s u r e ) .  

So rp t ion  and  deso rp t ion  r a t e s  w e r e  m o n i t o r e d  d u r i n g  e x p o s u r e  

T h e  a m o u n t  of s t e r i l a n t  r e t a i n e d  

9 



HEAT FOLLOWED BY GAS 

DRY HEAT CYCLE 
108 HOURS- 145OC 
(3-36 HOUR CYCLES) 

1 

MATERIAL PROPERTIES 
TESTING 

ROOMTEMPERATURE EXPOSURE 
ETHYLENE OXIDE -FREON 12 

2 4  HOURS-74'F 

c 
J t 04OF-  EXPOSURE 

E T H Y L E N E  OXIDE-FREON 12 
24  HOURS 

M A T E R I A L  PROPERTIES 
TESTING 

, 

GAS FOLLOWED BY HEAT 

M A T E R I A L  PROPERTIES 
T EST1 NG 

" A S  RECEIVED" 

ROOM TEMPERATURE EXPOSURE 
ETHYLENE OXIDE-FREON 12 

24  HOURS-74'F 

I 
104°F-EXPOSURE 

ETHYLENE OXIDE-FREON I2 
24 HOURS 

I 

MAT E RI A L  PROPERTIES 
TESTING 

DRY HEAT CYCLE 
108 HOURS - I4J0C 

(3-36 H O U R  CYCLES)  

MATER I A L PROPE R T l  ES 
TESTING 

F i g u r e  1. M a t e r i a l s  s c r e e n i n g  reg imes .  



R T V  60  

H T V  1 0 8  

K T V  1 4 0  

1 . 2 ,  ' 

1 , 2 ,  5 

1 , L .  5 

- -  

1 1  



Infrar(Bc1 spc.ctros(.opy L\,~IS u s c d  t o  study b a s i c  chaiigtas i n  po1ynit.r 

s t r u c t u  r c ( .a i ls  c.d by g a s  c> s p o s  u r  t‘ . 
r e g i s t e r i n g  ~ u b t l e  c.ht.rtiizal ~han57,c’ a n d  ;J re nr;tld i:.. pr,::r:rt-i~,Ct. iv ic:ss 

scns i t i \ . t .  a t tenrmted  t o t a l  r e f l e c t a n c e  m e t h o d s ,  

n i a t t , r i a l  LX c‘rv found t o  be most  s u i t a b l e  ior  t h c x  i n i r a r e d  v,oric. 

T rans i i i i  t t anc  c b  t tac hnicltlvs i i  r c c‘dpii h l e  of 

T h i n  f i lms  o i  polylncaric 

The init i i i l  p o r t i o n  of t h e  imrc-iianism s tudy ,  desc:ribtld in  t h i s  r t .por t ,  - 

w a s  c.onducted with p u r c  ethylt,nr ox ide .  

u n d c r  the  t e s t  condi t ions usvd  i,n t h i s  p r o g r a m  and  i t s  prr’st’nce intr-o- 

duL-vs a n o t h e r  \ ~ a r i a b l e .  

wi l l  be  u s e d  f o r  t h e  r e m a i n i n g  port ion of t h e  p r o g r a m ,  howtbvtJr. 

F r e o n  1 2  i s  c h t ~ ! ~ i i ~ . ; i l l y  i n e r t  

The 12:; e t h y l e n e  oside--88’J6 E’rt.011 12 t t i i s tu re  

T F; 5 T E Q U I P hl  E: h’ I‘ 

T h e  vaci iu~m o v e n  shown in F i g u r e  2 was u s e d  to ac.r-omplish d r y  
’ ht ,a t  c,ycling. 

of mel-c-ury f o r  c.stended p e r i o d .  Thr  o v e n  conf igura t ion  ~ r i s d e  t h e  us<’  of 

t h r rmoc .oup les  d i l f icu l t ,  t h e r e f o r e  t e s t  t c m p t ~ r a t u r e s  1% e r e  c:stablishcad d S  

fol lo\ \ .s :  

a t u r e  o b s e r v e d  a s  t h e  oven  t e m p e r a t u r e  c o n t r o l  s e t t i n g s  LS e r e  inc rc , a sed ;  

when  t h e  t e m p e r a t u r e  s t a b i l i z e d  a t  1 4 5  C ,  t h e  oven  u a s  1oadc.d Ltith i i i a t e r -  

ials to  siriiulatc, a d r y  h e a t  cyc le .  

s h c e t s  of t e s t  m‘itterial a t  t he  ct . i i t r , r  of t h e  ovt ’n ,  a n d  tht. tirnc. requirc-cl t o  

r c x a c t l  145OC noted. 

T h c  ovvn i s  capablt .  of indintaining a \.ac:uu!n of 29. 5 in( -hcs  

-4 t h e r n i o m t ~ t v r  w a s  placed  a t  t h e  c e n t e r  of t h e  oven  a n d  t e m p e r -  

0 

A ther tmotne tcr  w a s  ~ 1 ~ ~ c c . d  bytwe(2n 
* 

F i g u r e  .!I is a s c h e m a t i c  d i a g r a m  of t h e  e t h y l e n e  oxide  - F r e o n  12 

e x p o s u r e  a p p a r a t u s  shown i n  F i g u r e  4 .  

s t ee l  w a l l s )  w a s  w r a p p e d  wi th  heat ing t a p e s  a n d  i n s u l a t e d  to p r o v i d e  t emp-  

e r a t u r r .  c o n t r o l  f o r  t h e  s t e r i l a n t  gns  e x p o s u r e  a t  104 F. Tchinperature was 

i n c a s u r e d  wit11 i t  s h i e l d e d  t h e r m u c o u p l e  extending in to  t h t  c.hamLer.  

T h e  e x p o s u r e  chanibcxr ( 1  / 2  i n c h  

0 

T h v  a p p a r n t u s  shown i n  F i g u r e s  5 a n d  6 \%as fabri<.atc .d  t o  m ~ ’ a s u r t .  

t h e  r a t e  of e t h y l e n e  oxide  s o r p t i o n  by  p u r e  p o l y m e r s  a n d  p e r m i t  d e g a s s i n g  

of t e s t  s a m p l e s .  

systcl tm,  s a l n p l e  c o n t a i n e r ,  m a n o m e t e r s ,  a n d  co ld  t r a p .  A m e r c u r y  diffusion 

p u m p  w a s  ust-.(I t o  a t t a i n  prcssurcbs i n  t he  r a n g e  1 0  

T h e  a l l  g l a s s  a p p a r a t u s  c.onsisted of a mani fo ld ,  valbt. 

- 4  - 5  to 10 min fig. 



T e 

F i g u r e  2. Vacuum oven u s e d  for 
dry h e a t  cycling. 

GAS SAMPLE 

F i g u r e  3 .  Ethylene  o x i d e - F r e o n  
1 2  e x p o s u r e  a p p a r a t u s  
schemat i c .  

I -  
F i g u r e  4 .  ETO-Freon 1 2  expos-  

u r e  a p p a r a t u s .  

13 
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F i g u r e  5. E thylene  oxide s o r p t i o n  apparatus diagram. 

14 



F i g u r e  6. E thylene  oxide so rp t ion  a p p a r a t u s .  

. 

1 5  
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A B e c k m a n  G C - 2  g a s  c h r o m a t o g r a p h  \\'as u s e d  f o r  a n n l y s i s  of s y s t c b t n  

A h e l i u m  c a r r i e r  gas pressurcb of 20  ps i  a n d  thernnal  conduct ivi ty  gases .  

d e t e c t o r  f i l a m e n t  c u r r e n t  of 200 ma w e r e  suf f ic ien t  to g ive  ~ o o d  r t x < n ! l - : t j : > E  

w i i i i  a i Z  ioo t  d ioc ty l  i s o s e b a c a t e  colurnn inodifipcl w i th  12:; Ucon 50  H H -  

2000. E t h y l e n e  oxide  e lu t ion  t ime  is 4 m i n u t e s ,  and  F r e o n  l i  i s  1 .  3 

m i n u t e s  wi th  the co lumn a t  50 C.  

p h o t o m e t e r  was u s e d  tu ob ta in  s p e c t r a  e f  p u r e  p o l J ~ n i v r 5  before .  a n d  a f t e r  

e x p o s u r e  to e thy lene  ox ide .  

.. 

0 A Beclcman I R - 5  infr , i r t ,d  s p e c t r o -  

T E S T  PROCEDURES 

D r v  Heat  Cvc l ine  
P 

T e s t  s p e c i m e n s  w e r e  placed on m e t a l  oven s h e l v e s  wi th  su f f i c i en t  

s p a c i n g  to al low f r e e  flow of n i t rogen  a r o u n d  t h e m .  

evacua ted ,  filled wi th  d r y ,  high puri ty  n i t rogen ,  and  then  evac.uated iigdin. 

A f t e r  b r ing ing  the  oven  to a t m o s p h e r i c  p r e s s u r e  wi th  nitrogtAn, a lo\\ g a s  

flow w a s  e s t a b l i s h e d  a n d  ma in ta ined  d u r i n g  the  r e m a i n d e r  of t he  t e s t .  

T h e  c h a m b e r  N;FS 

A t  the  end  of 36 t o  4 0  h o u r s  a t  t e s t  t e m p e r a t u r e ,  m a t e r i a l s  \ \ e r e  

r e m o v e d  f r o m  the  oven,  a l lowed  to s t a b i l i z e  a t  rcjorn t e m p e r a t u r e ,  ;Ind 

v i s u a l l y  examined .  T h e  above  p r o c e d u r e s  w e r e  r e p e a t e d  t h r e e  t i rncs ,  

s u b j e c t i n g  the t e s t  s p e c i m e n s  t o  t e m p e r a t u r e  f o r  J. minimurn  of 108 hoti rs .  

E t h y l e n e  O x i d e - F r e o n  1 2  Gas  E x p o s u r e  ( s e e  F i g u r e  4) 

S h e e t s  of e l a s t o m e r s  and  o the r  non-  r ig id  m a t e r i a l s  w e r e  s u s p c n d e d  

f r o m  the  t o p  of t h e  e x p o s u r e  c h a m b e r ,  K i th  a m i n i m u m  of s p a c e  o f  1 

i nch  be tween  t h e m  to  allo\v c i r cu la t ion  of  g a s .  

a r r a n g e d  a r o u n d  the  r i m  of g l a s s  p e t r i  d i s h e s  and  p l aced  on  the  bo t tom of 

the  c h a m b e r  ( s e e  F i g u r e  7 ) .  

Small, r i g id  coupons  w e r e  

L 
I 

T h e  e x p o s u r e  c h a m b e r  \ v a s  evayuatcd a n d  ina in t a ined  a t  29. 3 in  tfg 

for  2 0  m i n u t e s .  E thy lene  ox ide -Freon  12 m i x t u r e  \ b a s  s lowly  b led  f ro in  

the  s t o r a g e  c y l i n d e r  in to  the evacuated  a c c u m u l a t o r  w h e r e  i t  w a s  a l iou  c*d 

t o  t e m p e r a t u r e  s t a b i l i z e  a t  10  psig.  T h e  evacua ted  c h a m b e r  w a s  then  

n r , n r \ - A  uyL.rLu e -  cu d - 7 11edted w a t e r  s o u r c e ,  until w a t e r  v a p o r  p r e s s u r r  in thc, s y s t v m  

r e a c h e d  20  m m  Hg. 

c h a m b e r  unt i l  a t n i o s p h p r i c  p r e s s u r e  ',.viis ob ta ined .  

G a s  w a s  b led  f r o m  tht, a c c u m u l a t o r  in to  t n e  e x p o s u r f -  

:6 
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F igure  7 .  Exposure chamber and samples. 
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D t w  Po in t  M e a  s u I' e ni en t  
_. a 

T h e  dev. point  d e v i c e  w a s  t -var i iAted and th-en ~JFFE& t~ n - * * L * a - c  ---r- - -- 
c h a m b e r  th rough  a va lve  a s s e m b l y .  

d e v i c e  was d e t e r t n i n c d  by adding  small  p i e c e s  of i c e  to the  w a t e r  i n  the  

t h e r m o m e t e r  well, a n d  s t i r r i n g  v igo rous ly .  T h e  t e m p e r a t u r e  a t  wh ich  a 

h a z e ,  denot ing  w a t e r  condensa t ion ,  w a s  o b s e r v e d  w a s  taken  as  the  dew 

T h e  humid i ty  of t he  g a s  t r a p p e d  in  t h e  

poin t .  Dew poin ts  i n  the  r a n g e  4 0  0 F to  5 5  0 F i n d i c a t e  p r o p e r  c h a m b e r  
humid i t9  f o r  r o o m  t e m p e r a t u r e  (74 0 F )  gaq  e x p o s u r e  a n d  66 0 F to  7 8  0 F f o r  

0 e x p o s u r e  a t  104 F. 

A n a l y s i s  of g a s  i n  t h e  e x p o s u r e  c h a m b e r  w a s  p e r f o r m e d  wi th  the  g a s  

c h r o m a t o g r a p h .  

c h a m b e r  w a s  f lu shed  wi th  d r y  n i t rogen ,  e v a c u a t e d  to 2 9 . 8  in  Hg f o r  3 0  

m i n u t e s  a n d  b rough t  t o  a t m o s p h e r i c  p r e s s u r e  wi th  a i r .  

At t he  end  of the twenty- four  hour  e x p o s u r e  pe r iod ,  the  

T h e  p r o c e d u r e  f o r  e x p o s u r e  a t  104OF is iden t i ca l  t o  tha t  describcbd 

above: T h e  c h a m b e r  is  hea ted  for  a p e r i o d  of t h r e e  h o u r s  p r i o r  to i n s e r t i o n  

of t e s t  s p e c i m e n s  wh ich  w e r e  a l lowed to  s t a b i l i z e  a t  c h a m b e r  t e m p e r a t u r e  

f o r  o n e  hour  b e f o r e  g a s  is admi t t ed .  

S o r p t i o n  S tud ie s  

S p e c i m e n s  of t e s t  m a t e r i a l  w e r e  p l aced  i n  the  a p p a r a t u s  and  d e g a s s e d  

by e x p o s u r e  t o  v a c u u m .  

ox ide ,  a n d  the  s o r p t i o n  r a t e  ob ta ined  by o b s e r v i n g  the  m e r c u r y  l eve l  in  the  

T h e  a p p a r a t u s  w a s  then  b a c k  f i l l ed  wi th  ethyl( :ne 

m a n o m e t e r .  T h e  e thy lene  oxide  p r e s s u r e  in  the  t e s t  c h a m b e r  w a s  maintaincsd 

c l o s e  to  a t m o s p h e r i c  by admi t t i ng  g a s  as needed .  

p e r i o d i c a l l y  r e m o v e d  f r o m  the  a p p a r a t u s  a n d  we ighed  unt i l  no i n c r e a s e  i n  

we igh t  w a s  d e t e c t e d .  

T e s t  s p e c i m e n s  w e r e  

U n r e a c t e d  e thylene  oxide  w a s  r e m o v e d  f r o m  the  t e s t  

m a t e r i a l  by t h e  app l i ca t ion  of vacuum.  

s i l i c o n e  a n d  epoxy m a t e r i a l s  a r e  p r e s e n t e d  in  T a b l e  X. 

Da ta  f rom the  s o r p t i o n  s t u d i e s  of 

I n f r a r e d  S tud ie s  

Th in  c a s t  f i l m s  of p u r e  p o l y m e r  w e r e  e x p o s e d  to  e thy lene  oxide  as  

d e s c r i b e d  above .  

w e r e  ob ta ined  wi th  the  B e c k m a n  I R - 5  s p e c t r o p h o t o m e t e r .  F i g u r e  8 s h o w s  

I n f r a r e d  s p e c t r a  of both exposed  a n d  unexposed  p o l y m e r  

t y p i c a l  s p e c t r a  of polydi inethyl  s i loxane .  

1 8  
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WAVE-NUMBER CM-' 

F i g u r e  8. I n f r a r e d  s p e c t r a  of po lyd ime thy l s i loxane  f i l m s  
b e f o r e  and  a f t e r  e x p o s u r e  to e thy lene  oxide .  

TEST DATA 

T a b l e s  LII, IV and  V p r e s e n t  changes  in phys i ca l  and  m e c h a n i c a l  

p r o p e r t i e s  of m a t e r i a l s  c a u s e d  by e x p o s u r e  to d r y  hea t  cyc l ing  fo l lowed 

by e x p o s u r e  to  s t e r i l a n t  g a s .  T a b l e s  VI, VII, VI11 a n d  IX p r e s e n t  s i m i l a r  

d a t a  f o r  m a t e r i a l s  p r o c e s s e d  through t h e  g a s - f o l l o w e d - b y - d r y - h e a t - r e g i m e .  

T a b l e  X p r e s e n t s  s o r p t i o n  d a t a  for  p u r e  s i l i c o n e  and  epoxy compounds .  

P h y s i c a l  a n d  m e c h a n i c a l  p r o p e r t y  d a t a  f o r  m a t e r i a l s  s c r e e n e d  wi th  

the  hea t - fo l lowed-by-gas  - r e g i m e  r e f l e c t  t o t a l  change  f r o m  m e a s u r e m e n t s  

m a d e  a f t e r  d r y  hea t  cyc l ing .  

Da ta  f o r  m a t e r i a l s  t e s t e d  with the  g a s - f o l l o w e d - b y - h e a t - r e g i m e  

s h o w  change  f r o m  m e a s u r e m e n t s  m a d e  on  the  ' a s  r e c e i v e d '  m a t e r i a l s .  



M a t e r i a l  

A M S  3303/60  
(S i l i cone )  

H - F i l m  
( P o l y i m i d e  ) 

( F l u o r o s i l i c o n e  ) 

R T V  1 1  
(S i l i cone )  

R T V  60 
(S i l i cone )  

R T V  615 
(S i l i cone )  

R T V  831 
(S i l i cone )  

R T V  881 
(S i l i cone )  

S i l g a r d  1 8 2  
(S i l i cone )  

T e d l a r  200 
(Po lyv iny l  f l u o r i d e )  

(S i l i cone )  

( Si l i cone  ) 

(S i l i cone )  

LS - 53/ 7 0 

2-218-S417-7  

4000-80  

7 0 0 0 - 8 0  

P e r c e n t  Change  
Ai t e r  Room 

T e m D e r a t u r e  
- ET-& 
Weight 

10.09 

t 3 . 4 5  

t o .  1 6  

t o .  02 

t o .  1.3 

t o .  10 

to. 08 

t o .  024 

t o .  0 2  

t 1 . 0  

40 .07  

t o .  14 

to. 06 

t o .  08 

-0 .  18 

to. 16 

to. 2 5  

to. 08 

+o.  1 1  

- 0 . 0 6  

t o .  01 

t o .  1 3  

t o .  1 1  

t o .  10 

P e r c e n t  Change  
A f t e r  104OF 
ETO- 

W e i g h t 

t o .  1 0  

t 3 . 4 5  

1 0 . 0 7  

t o .  04 

t o .  02 

- 0 . 0 3  

t o .  01 

t o .  02 

t o .  01 

t o .  8 7  

t o .  08 

t o .  1 7  

to. 06 

r e o n  
Volume 

to .  L O  

-0.25 

t o .  07 

t o .  05 

L O .  002 

t o .  06 

- 0 . 3 2  

t o .  0 

0 . 0  

t o .  06  

t o .  10 

T a b l e  111. Weight  a n d  volunie  c h a n g e s  of m a t e r i a l s  exposed  to d r y  
h e a t  cyc l ing  a n d  then to  s t e r i l a n t  g a s .  

2 0  



I v i r i p v r d L u 1  e 
E T O - F r e o n  1 2  

55 

7 -  
3 3  

67 

57 

4 4  

5 7  

7 7  

- 8 5 . 5  

Mat  e r i a l  
ricl1uiie33 

Change  

* 2 . 0  

t l . O  

t l . O  

r 4 . 0  

- 1 . 0  

0.0 

. 2 .  0 

t t . 5  

A M s  3 3 0 3  h O  
( Si li con t’ ) 

RTV 1 1  
(S i l i cone )  

R T V  60 
(S i l i cone )  

RTV 6 1 5  
(S i l i cone )  

KTV 881 
(S i l i cone )  

S i l g a r d  182 
( Si 1 i con c~ ) 

(S i l i cone )  

(S i l i cone )  

4000-80  

700 0 - 8 0 

M a t e r i a l  

A M S  3 3 0 3 / 6 0  
( S i l i c o n e )  

4000-80 
(Si  l i c o n c  ) 

7000-80 
( S i l i c o n e )  

Ai rer  i i ed t  
Cyc le  

Af t e r  Rooin 
Ten]  pc, r n  tu r e 

E T O - F r t , o n  11 
Afte r  D r y  IIc,it 

P c r z tsn t C 11 a n q t’ 

P e r c e n t  P e  r c en t P e r  cent  
T e n s i l e  Ul t imdte  T e n s i l e  U l t ima te  T e n s i l e  U l t ima te  

c y c  IC. 

Ps i  Elongat ion Psi Elongat ion  Psi Elongat ion  

1 0 6 5  64 1 1090 5 0 3  t 2 . 4  -12 .1  

920 3 00 880 3 00 - 4 . 3  0.0 

9 38 200 - 4 . 0  t 5 . 2  

190  I 900 

5 3  

53 

6 h  

53 

4 5  

57 

7 5  

7 0 

T a b l e  I V .  Change  in  Shore  A hdrdntxss of rndt(’ria1s 
expost.d to  d r y  hcctt c );cling folio\\ cxd by 
e s p o s u r ~ ~  to  e thylvne  o x i d e - F r e o n  1 2  ; i t  
room t txniperdturc  (74 F) .  0 

Table V .  Change  in  t e n s i l e  s t r e n g t h  and  u l t i m a t e  e longat ion  of ma-  
t e r i a l s  cbsposed to  d r y  h e a t  cyc l ing  followed b y  exposure  

, to c.thylc.ne o s i d e - F r e o n  1 2  at  r o o m  t e m p e r a t u r e  ( 7 4  F ) .  
0 



M a t e  r i a l  

AMS 3303;'60 
(Si l icon e ) 

Epon 828, 'Z 

H - F i l m  
( P o l y i t n i d c )  

M i l - P -  13949 

Lain ina t c ) 

( E P O X Y )  

(EPOXY 

LS-53,/70 
(P l u o r o s i l i c o n e  

H - 2 4 9 7  

P tl r c. en t C hang e 
A f t e r  R o o m  

T e rnpc r a t u  r e 
E T 0  -5- r eon  

~ _ _  
Weight 

1 0 . 0 7  

t o .  1 

t l . 2  

t o .  0 2  

0.0 

LO. 0 3  
( M i c a  r t a  ) 

S t y c a s t  109 5 / 1  1 t o .  1 3  
(EPOXY 1 
S t y c a s t  2651,'l 1 

T e d l a r  200 
T y p e  3OB 

:S i l i cone )  

4000-80 
: S i l i c o n e )  

S i l i c o n e )  

(EPOXY 1 

2-218-S417-7 

7 0 0 0 - 8 0  

t o .  04 

+o .  01 

0. 0 

+o .  21 

0. 06 

Vo lume  

i o . 2  

t o .  7 5  

t o .  7 0  

t o .  14 

t o .  05 

P e r c e n t  C n a n g e  
A f t e r  104OF 
E T 0  - F r eon  

\.Y e i g ht 

to. 0 5  

0.0 

-0.05 

- 0 . 0 1  

t o .  08 

10 .004  

+o.  2 3  

to .  0 3  

__c- 

Volume  

t o .  07 

0.12 

0 . 0 8  

Weight  

-0.007 

- 0 . 2 6  

- 0 . 3 4  

-0. 1 7  

- 0 . 7  

-0 .16  

-0.007 

t o .  006 

T3;i 
I 
1 

! 
I 

I 
1 
I 
I 

I 

I 

! 
I 

! 
I 

- 0 . 2 0  

+o .  2 7  1 
I 
! 

T a b l e  VI .  \+'eight a n d  v o l u m e  c hangr3s of r n a t c ~ r i a l s  exposcld t o  
s t e r i l a n t  6"s and  thcn t u  d r y  liedt c y c l i n g .  



M a t e r i a l  

A h l S  3 3 0 3 , / / 6 0  
(Si 1 1 ~  o n e )  

4000-80  
(S i l icone  ) 

7000-80 

1 

(S111cone ) 

Table VII .  Change  in  S h o r e  A h a r d n e s s  u i  m a t e r i a l s  exposed to  s t e r i l a n t  
gas and then  to  d r y  hea t  cyc l ing .  

, 
A f f e r  R o o m  ' A i t s r  

A s  T e m p e r a t u r e  Change  104 F Chanrrt. A f t e r  C h a n p  
R e c e i v e d  E T O -  S ho r e  E T O -  S h o r e  H e a t  S h o r e  
S h o r e  A F r e o n  1 2  A F r e o n 1 2  A Cyc l ing  A 

45 44. 5 -0.5 48 c 3 . 0  5 1  '6. 0 

68 661. 0 - 2 . 0  73  t 5 . 0  75 t 7 . 0  

73  71 .6  - 1 . 4  7 8  t 5 . 0  7 8  1 5 . 0  

M a t e  rial 

I 

Shore D 
A S  Rece ived  

86.  0 

aq.  5 

8 3 . 0  

78. o 

86. 5 

Epon 828,'Z 
(Epoxy  1 
H - 24 9 7 
( M i c a  r ta  ) 

Mil  P -13949  
(Epoxy  lamina t /e )  

S t y c a s t  1095  

Sty  cast 2 6 5 1 

(EPOXY 1 

( E P O X Y )  

---__ 
A f t e r  Room 

T e m p e r a t u r e  a n d  
104OF E T 0  Hea t  Change  

C y c l e  Shore  D 

8 5 . 0  - 1 . 0  

84 .0  - 0 . 5  

8 5 . 0  tL. 0 

7 5 . 5  - 2 . 5  

8 5 . 0  - 1 . 5  

T a b l e  VIII. Change  i n  S h o r e  D h a r d n e s s  of m a t e r i a l s  exposed  
to  s t e r i l a n t  gas  a n d  then  to  d r y  hea t  cyc l ing .  
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d- A s  R e c e i v e d  

M a t e  rial 

A M S  3303/6C 
(S i l i cone )  

4000-80 
(S i l i cone )  

7000-80 
(S i l i cone )  

T e n s i l e  
Psi 

1030 

91 3 

932 

P e r c e n t  
U 1 t i  m a t e 

Elongat ion 

658 

300 

208 

A f t e r  R o o m  
T e m p e r a t u r e  

E T 0  t 104OFt  Heat  
C y c l e  

. P e r c e n t  

-_ r e  L - L  e i i t  C: !L: :IC? o e -  

I I I 

T a b l e  I X .  C h a n g e  in  t e n s i l e  s t r e n g t h  a n d  u l t i t na t e  e longat ion  of 
m a t e r i a l s  exposed  t o  s t e r i l a n t  g a s  a n d  then  to  d r y  
h e a t  cyc l ing .  

Ma t  e rial 

S i l i cone  f o r m u l a t i o n  1 
(po lydi tne thyl  phenyl -  
m e t h y l  s i l o x a n e  b a s e )  

S i l i cone  f o r m u l a t i o n  2 
(po lyd ime thy l  s i l o x -  
a n e  b a s e )  

S i l i cone  f o r m u l a t i o n  3 
(po lyd ime thy l  s i lox  - 
a n e  b a s e )  

S i l i cone  f o r m u l a t i o n  4 
(po lyd ime thy  1 s i lox  - 
a n e  Lase)  

Epoxy forrnuiat ior l  i 

C o m p o s  i t ion  

C 1962-34 100 p a r t s  
t r i e thoxymethy l  s i l a n e  8 p a r t s  
d ibuty l t in  d i l a u r a t e  2 p a r t s  

C 1090-61A 100 p a r t s  
t ri  r t h o x y m  et hy 1 s i l a n e  8 p a r t s  
d ibuty l t in  d i l a u r a t e  3 p a r t s  

Z 1090-60A 100 p a r t s  
t r i e thoxymethy i  s i l a n e  8 p a r t s  
d ibu  t y 1 t in  d i l a u  r a t  e 2 p a r t s  

C 1090-60A 100 p a r t s  
t r i e thoxymethy l  s i l a n e  8 p a r t s  
d ibu t y 1 t in  di l a u  r a t  e 2 p a r t s  
powdered  s i l i c a  50 p a r t s  

EPQN 828  100  p a r t s  
me thy l  nadic  
a n  h y d r i d  e 7 5  p a r t s  

- e  

E T 0  
T a k e n  Up 

M'eight 
P e r  c e n t  

3 .70  

a .  30 

3 . 0 0  

2 .  61 

1.0; 

E T 0  
Re ta ined  

Af te r  
Vacuum 

E x p o s u r e  
Weight  
P e r c e n t  

0 . 4 0  

0.00 

0 . 0 4  

0. Ob 

0 . 7 2  

T a b l e  X .  Ethylent .  ox ide  so rp t ion  b y  s i l i c o n e  a n d  epoxy fo r tnu ld t ions .  
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111. DISCUSSION 

D a t a  i n  T a b l e s  111 a n d  V I  i nd ica t c  t h a t  none  of t he  c o r n l n e r c i a l  

m a t e r i a l s  t e s t e d  d i s p l a y e d  a n  a p p r e c i a b l e  n e t  change  in  wclight a n d  

v o l u m e  a f t e r  c'xposure to  s t e r i l a n t  g a s  fol lowed by v a c u u m .  

s h o w s  t h a t  p u r e  p o l y m e r s  a r c  capab le  oi  a d s o r b i n g  v a r i o u s  quantit icls 

of cthylcxnc o s i d e ,  but  r e t a i n  r e l a t ive ly  s m a l l  a m o u n t s  a f t e r  v a c u u m  t i c , -  

s o r p t i o n .  

be tween  s t e r i l a n t  g a s  a n d  n i a t e r i a l s  i s  phys i ca l  ratht3r than  c h v m i c a l  in  

n a t u r e .  

r e m a i n i n g  in  a i n a t e r i a l  a f t e r  g a s  a n d  vacuum e x p o s u r e  d e c r e a s e d  whcbn 

the  t n a t e r i a l  was p r o c r s s e d  through a s u b s e q u e n t  h e a t  s t e p .  

s i l i c o n e  compound 7 0 0 0 - 8 0  r e t a ined  0. 06 weight  p e r c e n t  s t e r i l a n t  g a s  

a f t e r  r o o m  t e m p e r a t u r e  exposurc ' ,  0. 0 3  pc'rc ent a f t e r  elc,vated t rn . ip( , ra ture  

g a s  e x p o s u r e ,  a n d  0. 006 p e r c e n t  a f t e r  d r y  hea t  cyc l ing .  

T a b l e  X 

B a s c d  on t h e s e  r e s u l t s  i t  would a p p e a r  t h a t  t he  chief i n t c r a c t i u n  

T h i s  i s  a l s o  b o r n e  out  by the  f ac t  t ha t  the a m o u n t  of s t e r i l a n t  

F o r  examplt! ,  

I n f r a r e d  a n a l y s i s  of a p u r e  s i l i c o n e  compound,  po lydimethyl  s i l oxane ,  

showed  tha t  t t sposu re  to e thy lene  oxide  p roduced  no s t r u c t u r a l  changtt 

ind ica t ing  a phys ica l  r a t h e r  than  c h e m i c a l  m e c h a n i s m .  

T h e  e f f ec t  of h e a t  cyc l ing  a m a t e r i a l  p r i o r  to  g a s  e x p o s u r e  r a t h e r  

t han  a f t e r  c a n  be  s e e n  in  the  changc; i n  S h o r e  A h a r d n e s s  e x p e r i e n c e d  with 

s i l i c o n e  compounds .  

c y c l e d  d i s p l a y e d  a d e c r e a s e  in  h a r d n e s s  when exposed  to g a s .  

h a r d n e s s  i n c r e a s e  o c c u r s ,  howcver ,  when the  s a m e  r n a t e r i a l s  i s  f i r s t  

h e a t  cyc1,ed a n d  then  exp0st.d t o  g a s .  

In i enc l r a l ,  m a t e  r ia l s  whi(.t> had not  b e e n  hea t  

A s l igh t  

T h e  d e c r e a s e  i n  h a r d n e s s  c a u s e d  by  'room t e m p e r a t u r e  g a s  exposurc'  
0 

i s  a r e v e r s i b l e  e f f e c t ;  an i n c r e a s e  i s  no ted  a f t e r  g a s  c 'xposure a t  104 F,  

a n d  a f u r t h e r  i n c r e a s e  a f t e r  d r y  hea t  cyc l ing .  

to  d r i v e  o f f  g a s  a d s o r b e d  b y  b a s e  m a t e r i a l  and  b y  i i-npurit ies in  the rn i i te r ia l  

such a s  c u r i n g  a g e n t s ,  c a t a l y s t s ,  p r o c e s s i n g  so lven t  a n d  p o l y m e r  f rac- t ions ,  

a n d  a l s o  a c t s  a s  an ex tended  " c u r e "  f o r  c l a s t o m e r s .  

T h e  d r y  hea t  c y c l e  s e r v e s  
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S o m e  c h e m i c a l  i n t e r a c t i o n  is ind ica t ed  by c h a n g e s  in t e n s i l e  

s t r e n g t h  of  s i l i c o n e  compounds  and h a r d n e s s  m e a s u r e m e n t s  on epoxy 

m a t e r i a l s  ( ' l ' ab i e s  V', i-iii and  IX) .  E ~ p u a i i i - ~  of  si!izcze ~3!21~nr !nr !c  

AMS 3 3 0 3 / 6 0 ,  and  7 0 0 0 - 8 0  t o  g a s  f i r s t ,  a n d  then  to d r y  h e a t  cyc l ing  

p r o d u c e d  a g r e a t e r  d e c r e a s e  in t ens i l e  s t r e n g t h  than  e x p o s u r e  t o  h e a t  

fol lowed by g a s .  Epoxy compounds  Epon 8 2 8 / 1 , ,  S t y c a s t  1095/ 1 1  and 

S t y c a s t  2651."11 show.ed m i n o r  d e c r e a s e s  in  S h o r e  D h a r d n e s ?  when sub- 

j e c t e d  t o  g a s  fol lowed by hea t .  

m a y  h a v e  enhanced  r a t h e r  then  r e t a r d e d  g a s  - m a t e r i a l  i n t e r a c t i o n ,  

i nd ica t ing  c h e m i c a l  r e a c t i o n .  

h e a t  c y c l e  m a y  h a v e  d r i v e n  off m o r e  r e a c t i v e  s p e c i e s  b e f o r e  e x p o s u r e  

t o  s t e r i l a n t  g a s .  

( T a b l e  X )  show tha t  m a t e r i a l s  r e t a ined  a r e l a t i v e l y  l a r g e  amoun t  of 

e thy lene  oxide  a f t e r  e x p o s u r e  t o  vacuum.  

is he ld  i n  the  m a t e r i a l  c a n  only be e s t a b l i s h e d  by i n f r a r e d  s t u d i e s  which 

w i l l  be conducted  in  the next  periocl. 

v 

In both c a s e s ,  t he  t e r m i n a l  h e a t  c y c l e  

In  the c a s e  of  t he  s i l i c o n e s ,  the  in i t ia l  

So rp t ion  s t u d i e s  with the p u r e  epoxy f o r m u l a t i o n  

T h e  m a n n e r  in  which  the  g a s  

. 

Two p r o b l e m  a r e a s  encoun te red  in  t h e  c o m m e r c i a l  p r o d u c t s  s c r e e n i n g  

po r t ion  of t he  p r o g r a m  w e r e  e l e c t r i c a l  p r o p e r t y  t e s t ing  a n d  the  p r e p a r a t i o n  

of t e s t  s p e c i m e n s  of a d h e s i v e  m a t e r i a l s .  

E l e c t r i c a l  T e s t s  - h4any i n a t e r i a l s  to  be  t e s t e d  in  th i s  p r o g r a m  

wi l l  l ind app l i ca t ion  in e l v c t r o n i c  a s s e t n b l i e s  o r  in e l e c t r i c a l  s y s t e m s ,  

t h e r e f o y e  the  magn i tude  of e l e c t r i c a l  p r o p e r t y  c h a n g e s  c a u s e d  by g a s  

exposure '  m u s t  be knowrn. E f f o r t s  to  m e a s u r e  the  v o l u m e  and  s u r f a c e  

r e s i s t i v i t y  of e l a s t o m e r i c  m a t e r i a l s  p e r  A S T M  DL57 w e r e  only p a r t i a l l y  

s u c c g s s f u l .  In t h i s  method the  t e s t  s p e c i m e n  is sandwiched  bet\veen two 

m e t a l  d i s c s ,  a poten t ia l  of 500 vol ts  i t s p r e s s e d  a c r o s s  the  e l e c t r o d e s ,  

a n d  t h e  c u r r e n t  flow th rough  the  t e s t  m a t e r i a l  m e a s u r e d  mrith a highly 

s e n s i t i v e  a m m e t e r .  

of less  than  1 i n i c r o - m i c r o  a m p e r e  m u s t  be  m e a s u r e d  u.rith c o m p a r a t i v e l y  

h igh  a c c u r a c y .  

s e v e r a l  r e a s o n s :  

B e c a u s e  of the high m a t e r i a l  r e s i s t a n c e .  c u r r e n t s  

It w a s  not poss ib l e  t o  a c h i e v e  c o n s i s t e n t  t e s t  r e s u l t s  fo r  

- a.  cui~ i -c , - , t  r ead ings  ~ h 2 ~ n ~ r i  b - -  Uiith t i m e  

b.  Any m o v e m e n t  of p e r s o n n e l  within 10  f ee t  of t he  a p p a r a t u s  

p r o d u c e d  d r a s t i c  f luctuat ion of t he  a m m e t e r  need le .  
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T h e  s a m e  d i f f icu l t ies  w e r e  encoun te red  in m e a s u r i n g  s u r f a c e  

H e r e  a po ten t i a l  i s  i m p r e s s e d  a c r o s s  the  1,"8" a n n u l a r  
- -  

r e s i s t i v i t y .  

s p a c e  be tween  a m e t a l  d i s c  arid r ing  p l aced  o n  the  s u r f a c e  of t he  t e s t  

s pec i m e n .  

We a r e  c u r r e n t l y  modi fy ing  o u r  t e s t  a p p a r a t u s  in  a n  a t t e m p t  t o  

o v e r c o m e  t h e s e  d i f f i cu l t i e s ,  however  to  be of p r a c t i c a l  v a l u e ,  d a t a  f r o m  

t h i s  p r o g r a m  m u s t  be c o o r d i n a t e d  with d a t a  f r o m  

s t u d i e s  conducted  by JPL.  

t e s t i n g ,  t e s t  m e t h o d s  a n d  

co inc ide .  

in  a r e a s  of e l e c t r i c a l  p r o p e r t i e s  m e a s u r e m e n t  wi l l  be  r e q u i r e d  t o  

a c h i e v e  c o n s i s t e n t  and  u s e a b l e  t e s t  i n fo rma t ion .  

s i m i l a r  m a t e r i a l s  

B e c a u s e  of the c r i t i c a l  n a t u r e  of e l e c t r i c a l  

condi t ions  used  by Hughes  and  J P L  should  

C l o s e  coord ina t ion  with J P L  p e r s o n n e l  who h a v e  cogn izance  

M a t e r i a l s  - A l t e r n a t e  t e s t  s p e c i m e n s  of t he  a i r - h a r d e n i n g  a d h e s i v e s  

p r e v i o u s l y  men t ioned  a r e  c u r r e n t l y  be ing  p r e p a r e d  in  a n  a t t e m p t  to  obta in  

t e s t  coupons  of u n i f o r m  t h i c k n e s s  and  t e x t u r e .  F o r  phys i ca l  p r o p e r t y  

m e a s u r e m e n t s  smal l  ind iv idua l  coupons  wi l l  be f a b r i c a t e d  f r o m  the  

s i l i c o n e  m a t e r i a l s .  I t  i s  doubtful  tha t  un i fo rm s h e e t s  of suf f ic ien t  s i z e  

c a n  b e  p r o d u c e d  f o r  m e c h a n i c a l  t e s t ing ,  t h e r e f o r e  the  m a t e r i a l s  wi l l  b e  

u s e d  t o  bond a l u m i n u m  a n d  s i l i c o n e  e l a s t o m e r  coupons .  

w i l l  be  s u b j e c t e d  t o  t e n s i l e  t e s t ing .  

T h e s e  in  t u r n  

T h e  high p e r m e a b i l i t y  of e l a s t o m e r s  

shou ld  i n s u r e  p e n e t r a t i o n  of s t e r i l a n t  g a s  t h rough  the  a d h e s i v e  l aye i  

Su i t ab le  conf igu ra t ions  f o r  e l e c t r i c a l  t e s t s  wi l l  bt. d e t e r m i n e d  

a f t e r  f h r t h e r  s tudy  of the  e l e c t r i c a l  t e s t  p r o b l e m  a n d  coord ina t ion  w th 

cogn izan t  J P L  p e r s o n n e l .  
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I V .  F U T U R E  W O R K  

b c r e r n i n g  oi  c o m m e r c i a i  p roduc t s  R i i i  cont inue  wirn iiie s ecund  JFi 
In the m e c h a n i s m  por t ion  of t he  p r o g r a m ,  t h e  following l i s t  of m a t e r i a l s .  

p u r e  p o l y m e r  s y s t e m s  mil l  b e  inves t iga t ed :  

1. 

2. 

3 .  

4. 

5. 

6 .  

Epoxy (Shel l  Epon 828)  

a .  Acid  c u r e  

b. A m i n e  c u r e  

P o l y u r e t h a n e  

a .  To ly lene  d i i socyanate-Tr i rne thylo l  p r o p a n e  

b. To ly lene  diisocyanate-Polyethylene glycol  

F l u 0  r o c a  r b o n s  

a .  T e f l o n - T F E  

b. T e f l o n - F E P  

P o l y c a r b o n a t e  

P h e n o l i c s  

a .  Base ca ta lyzed  

b. Acid  c a t a l y z e d -  Novalacs  

P o l  y e s  t e  r s 

In add i t ion ,  combina t ions  of p o l y m e r s  a n d  the  following m e t a l s  a r e  

to b e  s tud ied :  

1 .  C o p p e r  

2 .  S i l v e r  

3 .  Gold 

4. Nickel  

5. T i n  

6.  T i n - L e a d  S o l d e r  

If t i m e  a n d  funding p e r m i t ,  a s tudy  wi l l  be  m a d e  of the  following: 

1 .  D e s o r p t i o n  a n d  sub l ima t ion  of a d s o r b e d  s t e r i l a n t  g a s  unde r  high 

v a c u u m  a n d  low t e m p e r a t u r e  condi t ions .  

to  d e t e r m i n e  the  behavior-of  s m a l l  quan t i t i e s  of r e s i d u a l  s ter i lc int ,  

wh ich  d r e  not r e m o v e d  a f t e r  s t e r i l i z a t i o n  p r o c e d u r e s ,  u n d e r  

s p a c e - f l i g h t  condi t ions .  

T h e  ob jec t ive  h e r e  i s  
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2.  P c r n i e a h i l i t y  and  diffusion. T h e  p t l r rneabi l i ty  of rn; i t r . r ia ls  to 

s t e r i l a n t  g a s  wi l l  b e  s tud ied ,  and d i f iu s ion  r a t e s  dc.termint.d. 

5 .  L i l e c t s  oi o t h e r  s t e r i l i z a t i o n  rtbgirnes. The e f f e c t s  o! sub jec t ing  

m a t e r i a l s  to  o r d e r s  of e x p o s u r e  d i f f e r i n g  f r o m  t h o s c  s tud ied  i n  

t he  p r e s e n t  p r o g r a m  will  be  i n v e s t i g a t e d .  

s c rec ,ned  by expos ing  them to d r y  hear  fo l lowed by s t e r i l a n t  

g a s  and  d r y  hca t ,  a l so  to s t e r i l n n t  g a s  fo l lowrd  b y  d r y  h e a t  

and  s t e r i l a n t  g a s .  

M a t e r i a l s  w i l l  be 

J P L  wi l l  e s t a b l i s h  the  o r d e r  of i m p o r t a n c e  of the  a b o v e  t a s k s  and  

T h r s e  wi l l  d e c i d e  the  r e l a t i v e  a m o u n t  of e f f o r t  to b e  expended on e a c h .  

s t u d i e s  a r e  t . spccted to  \Je e x p l o r a t o r y  i n  n a t u r e  and  wi l l  be  conducted 

t o w a r d  t h c  end  of t h e  p r o g r a m .  

3 0  
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'11) t' ba s i c s \- n t 11 t '  s i s of th t' p o  1 y d it1 le th  y l  s i 1 o s a  ne poly me r c. an be 

r e p ~ - e s r n t t ~ d  by t h c  r t>act ior i  

( C I I J )  L ,SiC12 
I i  

II 1 s i loxant 's  

The  resulting p o l y n i e r  is a c o l o r l e s s  v i s c o u s  l iquid u.hich caii c a s  ily be 

c u r e d  in to  a n  e l a s t o r i i e r i c  m a t e r i a l .  

p repai-r.tI by t'ciuil:bi-atit)ii o f  c y c l i c  diiiietli).lsiloxancs u. i th  e i t h c r  a c i d  

o r  basic- c a t a l l - s t .  \\ Iit.11 a n  a c i d  c a t a l y s t  s u c h  a s  s u l i u r i (  a ( - i d  is ust td ,  

t he  produc-t h a s  a l o u  t . r  v i s c o s i t y  than  when a b a s i c  c a t a l y s t  1s e1-n1)l(~)- td  

A t y p i c a l  e q u i l i b r a t i o n  r e a c t i o n  involves  t h e  r e a c t i o n  o f  octair;eth)-1- 

c) . .~ .1(J t r , t ras i loxanc \x ith concent ra tc t i  sulfur ic-  a c i d .  'This  r ea ( - t i on  c a n  

be w r i t t e n  a s  follou S :  

Polydimc.th)-lsi losaii t .s  c a n  a l s o  be 

Pu lyd imt , thy l s i lo sanc  C1090-60-A. - A s ix  l i t e r  t h r e e - n e c k e d  f l a s k  

f i t t ed  wi th  a s t i r r e r ,  d ropp ing  funnel ,  a n d  t h e r m o n l e t e r  w a s  f i l l ed  w i t h  

3000 i n 1  of w a t e r .  

d r o I m . i s c  \ \ .h i l t  s t i r r i n g  \ - i g c ) r o u s l y .  

r a n g e  of 1 5  - 2 5  C by cool ing n . i t h  an e x t c r n a l  ic-c.-bath. A i t e r  the  actdi- 

t i o n  t h c  nnixture \\.as al lo\ \ -ed t o  s tand o \ . e rn igh t .  

r cn io \ . ed ,  \x.ashtd and c e n t r i i u g e d  t o  s e p a r a t e ' a n y  C J C C  ludcld v a t e r .  

procl~.ict  11.a.s .;i.i.hir?r.tc:ci t o  a d i s t i l l a t i on  a t  atr-r;osphc.ric- ! ) r e s su I -c .  

t h e  pot  t c .n ipe ra tu re  reac.hcd L O O  C \ .acuuni  w a s  app l i ed .  

t i o n  \\.as discontinucsd lvhcn the  pot t e m p e r a t u r e  r e a c h e d  225°C under  

One l i t e r  of d inne thyld ich loros i lane  was added  

The  tenipt. I-ature u 'as  hcpt  i n  tht. 
C) 0 

The  upper  1ayc.I-  u a s  

I hc. 

M hrsn 
0 ' l ~he  d i s t i l l a -  
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OH I \ 
\ CH 

w h e r e  the va lue  of n d e t e r m i n e s  the v i s c o s i t y  of the  r e s i n  and  o t h e r  

phys i ca l  p r o p e r t i e s .  

c o m m e r c i a l l y  t h a t  c a n  L u r e  t h e s e  r-esIns b e c a u s e  of the p r e s e n c e  ot 

both eposy  g r o u p s  and  h y d r o s y  g r o u p s  as  c u r i n g  s i t e s .  E ' o r  t h i s  s tudy  

the  E p o n  r e s i n  t y p e s  which  a r e  m a r k e t e d  by Shel l  C h e m i c a l  C o r p .  and  

h a v e  the  above  g e n e r a l  f o r m u l a  w e r e  used .  E p o n  828 was chosen  as  the 

r e p r e s e n t a t i v e  r e s i n .  

va lue  of 0. 5 a n d  a hydroxy l  va lue  o f  0.  1 .  Methylnadic  anhydr ide  m a s  

c h o s e n  as a c h a r a c t e r i s t i c  a c i d  anhydr ide  c u r i n g  agen t .  It is a l iquid 

a t  r o o m  t e m p e r a t u r e  and  can be  r ead i ly  m i x e d  wi th  the  r e s i n  to  f o r m  

a m o r e  u n i f o r m  m a t e r i a l .  

I ' h t r e  a r e  o v e r  a h u n d r e d  c o m p o u n d s  ava i l ab le  

I t  h a s  a n  a v e r a g e  m o l e c u l a r  we igh t  of 350, eposy  

P u r e  P o l v m e r  F o r m u l a t i o n s  

S i l i cone  F o r m u l a t i o n  1 

Po lyd ime thy l  pheny lme thy l s i loxane  ( C -  1962-34)  100 p a r t s  

t r ie th o x y  in e th y 1 s i l  a n e  8 p a r t s  

d ibuty l t in  d i l a u r a t e  L p a s t s  

0 T h e  m i x t u r e  w a s  m a i n t a i n e d  a t  50 C f o r  24  h o u r s ,  t hen  h e a t e d  s lowly  

u n d e r  v a c u u m  up to 150 C. 

v a c u u m  to  reniov'e vo la t i le  cons t i t uen t s .  

0 It \vas  kept  a t  150°C f o r  2 4  h o u r s  unde r  

S i l i cone  F o r m u l a t i o n  2 

po 1 y d im e thy 1 s i lo Nan e ( C 1 0 9 0 - 6 1 A ) 

t r ie  tho x y m e thy 1 s i l  a n e  

d i bu t y 1 t in  d i 1 a u r 8 t e 

I . 
100 p a r t s  

8 p a r t s  

3 p a r t s  

0 T h e  m i x t u r e  w a s  kep t  a t  50 C fo r  24 h o u r s ,  t hen  h e a t e d  s l o u l y  u n d e r  

v a c u u m  to 150 C and  ma in ta ined  a t  t e m p e r a t u r e  f o r  24 h o u r s  unde r  

v a c u u m  to r e m o v e  vola t i le  cons t i t uen t s .  

0 
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a 

Si l icone  E'orinii latioii  3 

100 p a r t s  

8 p a r t s  

2 p a r t s  

0 The m i x t u r e  w . a s  kept  at 50 C ,  hea ted  up  s lowly to 150°C and kept  at 

t h a t  t e m p e r a t u r e  for 48  h o u r s  unde r  v a c u u m .  

S i l icone  F o r m u l a t i o n  4 

po lyd ime thy l s i lo sane  (CJ 090-60A) 

t r ie tho s v 113 c t h  y 1 s i 1 a 11 v 

d ib t i ty  1 t i I I  ( 1  i I ;i 11 ra tc. 

powdered  s i l i c a ,  270 m e s h  

100 p a r t s  

8 p a r t s  

2 p a r t s  

50 p a r t s  

The r n i s t u r e  \\'as c u r e d  f o r  s e v e r a l  d a y s  a t  r o o m  t e m p e r a t u r e  and then  

hea ted  up to  150°C and kept  a t  t h i s  t e m p e r a t u r e  f o r  7 2  h o u r s  u n d e r  

v a c uum 

100 p a r t s  

75  p a r t s  

0 
T h e  r e s i n  m i x t u r e  w r a s  c u r e d  by hea t ing  to  150 C f o r  48 h o u r s  in a i r  

and  then  u n d e r  v a c u u m  a t  100 C f o r  24 h o u r s .  0 

, 


